KEYWORDS activities of daily living; glaucoma; quality of life Summary Objective/Background: This study was performed to assess the associations of glaucoma with health-related quality of life (HRQOL) and activities of daily living (ADL). Methods: Using data from the Korean National Health and Nutrition Examination Survey III in 2005, we analysed 9,047 participants (! 50 years old) and 3,518 participants (! 65 years old) to assess the associations of glaucoma with HRQOL and ADL, respectively. The diagnosis of glaucoma was based on questionnaires. HRQOL was evaluated by the EuroQol fivedimension descriptive system (EQ-5D) and the EuroQol visual analogue scale. The ADL was evaluated by the Korean-optimised ADL questionnaire. Logistic-regression analyses were used to assess the associations of glaucoma with HRQOL and ADL. Results: The glaucoma patients showed lower HRQOL and ADL scores compared to the healthy participants. The glaucoma patients showed significantly higher prevalence of impaired health status in all dimensions of EQ-5D, as well as in the "bathing" dimension of ADL as compared with the healthy participants. Impaired HRQOL and ADL were significantly associated with the risk of glaucomatous status (odds ratio [95% confidence interval] of EQ-5D: 1.65 [1.33, 2.05], EuroQol visual analogue scale: 1.75 [1.43, 2.15], and ADL: 2.04 [1.12, 3.74]).
Introduction
Vision impairment, or low vision, is an important issue to occupational therapists because it greatly affects occupational performance and daily life (Markowitz, 2006) . Glaucoma is a leading cause of visual impairment (Resnikoff et al., 2004) . It has been reported that 12.3% of existing blindness of the world resulted from glaucoma. According to the Korean Health Statistics 2008 (Korean Centers for Disease Control and Prevention, 2009 ), 3.5% of the Korean population aged 40 years or older had glaucoma. The prevalence of glaucoma in the Korean population is one of the highest in the world (Korean Centers for Disease Control and Prevention, 2009; Quigley & Broman, 2006) . A prevalence model developed by Quigley and Broman (2006) predicted that the worldwide prevalence of glaucoma will increase with the ageing of the population, so glaucomacaused vision loss may become one of the major concerns in public health.
The irreversible damage of glaucoma generally leads to typical changes in optic-disc morphology and visual function (Jampel et al., 2002) . Glaucoma-induced visual impairments are associated with the decline in physical and social functioning, bodily pain, mental health (Cypel et al., 2004) , higher rate of falls, and falls with injury (Black, Wood, & Lovie-Kitchin, 2011) . It has been well documented that glaucomatous status can cause impaired health-related quality of life (HRQOL; Aspinall et al., 2008; Cypel et al., 2004; Freeman, Munoz, West, Jampel, & Friedman, 2008; Gutierrez et al., 1997; Nah, Seong, & Kim, 2002; Parrish et al., 1997; Severn, Fraser, Finch, & May, 2008; Sherwood et al., 1998; Wilson et al., 1998) . It is also known that glaucoma is associated with activities of daily living (ADL), which are typically automatic and solitary (Knudtson, Klein, Klein, Cruickshanks, & Lee, 2005; Noe, Ferraro, Lamoureux, Rait, & Keeffe, 2003) . Most of the research on the associations of glaucomatous status with HRQOL and ADL have been performed in Western and developed countries (Cypel et al., 2004; Freeman et al., 2008; Gutierrez et al., 1997; McKean-Cowdin, Wang, Wu, Azen, & Varma, 2008; Noe et al., 2003; Parrish et al., 1997; Sherwood et al., 1998; Wilson et al., 1998) , despite the high prevalence of glaucoma in Asian populations. Furthermore, their study participants were limited to those who visited local hospitals or resided in a local area. Because these approaches may lead to a selection bias, representative population data should be used.
Thus, we aimed to assess the associations of glaucoma with HRQOL and ADL in the representative Korean adult population, using the data of the Third Korea National Health and Nutrition Examination Survey (KNHANES III).
Methods
The present study used data from the KNHANES III, a national representative survey of South Korea conducted in 2005. With the assistance of trained research staff, the participants of KNHANES III provided their "basic information" (i.e., age, household income) and their "health consciousness and behaviours" (i.e., smoking, alcohol consumption, weight control), and completed "medical examination" (i.e., anthropometric measurements, blood analyses) and "health interview" (i.e., restricted activity, quality of life, disease, medical use). "Health interviews" were supposed to be taken in all participants, while "health consciousness and behaviours" and "medical examination" were conducted only on one-third of the total target population. A more detailed description of the design is shown in another report (Park, Yoon, & Oh, 2011) .
To assess the association between glaucoma and HRQOL, we focused on the adult population (50 years or older) that completed the health interview. Amongst them, the completely blind participants were excluded from the present study. Thus, we evaluated 9,047 participants (4,027 men and 5,020 women; ! 50 years old) who completely responded to the related questionnaires: glaucoma, EuroQol five-dimension descriptive system (EQ-5D), and visual analogue scale (EQ-VAS). However, KNHANES III surveyed ADL only in the elderly (65 years or older). Thus, to assess the association between glaucoma and ADL, we evaluated 3,518 participants (1,413 men and 2,105 women; y in the elderly (65 years or older). Thus, to assess the association between glaucoma and ADL, we evaluated 3,518 subjects (1,413 men and 2,105 women; !65 years old) who completely responded to the related questionnaires: glaucoma and ADL.
Glaucoma was defined as present when the glaucomatous status of a participant was diagnosed by a physician and when the participant was currently under treatment or not recovered from the glaucomatous status. In the EQ-5D questionnaire (The EuroQol Group, 1990) , the health condition of the participants was classified into three statuses (no problem, some problems, and severe problems) in each of the five dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Based on those five classified scores, a single index of HRQOL (ranges from À.171 to 1) was calculated according to the validated guidelines and algorithms (Nam, Kim, Kwon, Koh, & Poul, 2007) . In this HRQOL utility score, negative levels indicate quality of life worse than death, and 1 indicates no problems in any dimensions of the EQ-5D. A higher HRQOL utility score represents a better perceived health. The EQ-VAS was recorded for their self-rated health from 0 (worst imaginable health) to 100 (best imaginable health; The EuroQol Group, 1990 ). In the ADL questionnaire (Jung, Kim, Choi, Lee, & Park, 2009) , the activity status of the participants was classified into three statuses (no problem, some problems, and severe problems) in each of the seven dimensions: dressing, washing face, bathing, feeding, transferring, using toilet, and incontinence. The scores for each dimension were calculated based on the three statuses, with values ranging from 0 (no problem) to 2 (severe problems). For the analyses, the scores of the seven dimensions were added together. The lowest 10th percentile scores of each HRQOL and ADL instrument (.72 in EQ-5D score, 40 in EQ-VAS, and 13 in ADL score) were considered as a cut-off point to determine the impairments. That is, if the participants had a lower score than the lowest 10%, they were defined as having an impaired health status in terms of EQ-5D, EQ-VAS, and ADL. For each of the five and seven EQ-5D/ADL dimensions, the participants with some or severe problems were considered to be in an impaired health status.
All data analyses were performed using version 9.2 of SAS software package (SAS Institute Inc., Cary, NC, USA). We used Wilcoxon rank-sum test and chi-square test to compare several demographic characteristics, eye conditions, EQ-5D, EQ-VAS, and ADL between the healthy participants and the glaucoma patients. Between the two groups, we compared the prevalence of each dimension of EQ-5D and ADL using chi-square test and Fisher's exact test. We used logistic-regression models to evaluate the impact of glaucomatous status on EQ-5D, EQ-VAS, and ADL. In the analyses, we adjusted for age and sex (model 1), and then further adjusted for equivalent income (family income per month/family number 0.5 ), marital status, occupational status, and education level (model 2). In model 3, we further adjusted for vision problems. A p value < .05 was considered to indicate statistical significance. Table 1 presents the characteristics of the participants in this study. The glaucoma patients (mean AE standard deviation: 68.8 AE 9.8 years) were older than the healthy participants (62.6 AE 9.1 years). All EQ-5D, EQ-VAS, and ADL showed significantly lower scores in the glaucoma patients (.88, 66.3, and 13 .6, respectively) as compared with the healthy participants (.77, 55.4, and 13.3, respectively) .
Results
We compared the prevalence of impaired five dimensions in the EQ-5D between the two groups ( Figure 1 ). The glaucoma patients had significantly higher prevalence of all five dimensions as compared with the healthy participants (all p < .001). A total of 24.1% of the glaucoma patients had impaired EQ-5D, while only 9.0% of the healthy participants had the same problem (data not shown). Table 2 shows the results of the logistic-regression analyses that evaluated the odds ratio (OR) and 95% confidence interval (CI) of impaired EQ-5D and EQ-VAS amongst the glaucoma patients. In model 1, after adjusting for age and sex, the glaucoma patients had significantly higher risks for impaired EQ-5D (OR [95% CI]: 2.20 [1.31, 3.70]) and EQ-VAS (2.50 [1.55, 4.05]) as compared with the healthy participants. After further adjusting the socioeconomic-status variables, the significance of EQ-5D and EQ-VAS remained (all p < .05, model 2). However, after additionally adjusting vision problems (model 3), the associations between glaucoma and both of HRQOL indexes were not significant anymore.
We compared the prevalence of the seven impaired dimensions in ADL between the healthy and glaucoma groups (Figure 2 ). Compared to the healthy participants, the glaucoma patients had significantly higher prevalence only in the "bathing" dimension (p < .001). A total of 83.9% glaucoma patients had a problem in the "bathing" dimension, while 52.5% healthy participants had the same problem. Regarding the overall ADL, 30.0% of the glaucoma patients had a problem, while only 15.7% of the healthy participants had the same problem (data not shown). Table 3 shows the result of the logistic-regression analyses that evaluate OR and 95% CI of the impaired ADL amongst the glaucoma patients. In models 1 and 2, the glaucoma patients had significantly higher risks for impaired ADL (model 1: 2.06 [1.14, 3.71] and model 2: 2.04 [1.12, 3.74]). However, the significance disappeared after adjusting the vision problems (model 3).
Discussion
Our study assessed the associations of glaucomatous status with impaired HRQOL and ADL in the representative nationwide population. To our knowledge, this is the first epidemiologic study that approached those associations using representative population data. Our study showed that glaucomatous status was significantly associated with the impaired HRQOL and ADL. Previous studies on those associations achieved similar findings to some extent (Cypel et al., 2004; Freeman et al., 2008; Gutierrez et al., 1997; McKean-Cowdin et al., 2008; Nah et al., 2002; Noe et al., 2003; Sherwood et al., 1998; Wilson et al., 1998) . The result of our study showed that the impairment prevalence of all EQ-5D dimensions in the glaucoma patients was higher than those in the healthy participants (Figure 1) . As a result, glaucomatous status was significantly associated with the impairment of total EQ-5D (Table  2) . The association between glaucomatous status and the impairment of total EQ-5D became nonsignificant after adjustment for vision problems. Similar results were found in mobility, self-care, usual activity, and anxiety/depression dimensions of EQ-5D. This implies that the effects of glaucomatous status on HRQOL and ADL are mainly mediated by its effect on vision problems. Many previous studies (Cypel et al., 2004; Gutierrez et al., 1997; Wilson et al., 1998) speculated that vision and mental problems caused by vision loss were responsible for inducing the impaired HRQOL.
However, pain/discomfort caused by glaucoma remained after adjusting for vision problems, although glaucoma does not induce pain with small exception (Cypel et al., 2004) . This means that pain/discomfort exists independently from vision problems in glaucoma patients. In the Cypel et al. (2004) study, glaucoma patients showed the worst condition in body pain dimension amongst the various dimensions of the Medical Outcomes Study 36-item short-form survey. They presumed that patients used their pain for gaining the doctors sympathy (Cypel et al., 2004) . Moreover, Sherwood et al. (1998) showed that, as compared with the control participants, the glaucoma patients had significantly more symptomatology (i.e., eye aches, feelings of lack of energy, day sleepiness) that was attributed to glaucoma and the side effects from its treatment.
Our study showed that the prevalence of impaired ADL in the glaucoma patients was significantly higher than those in the healthy participants ( Figure 2 , Table 3 ). However, when the individual components of ADL were analysed, the glaucoma patients only showed significantly higher prevalence of the "bathing" dimension than the healthy participants. The cumulative contribution of the other six dimensions might have played a role in deteriorating ADL. Regarding the "bathing" dimension, we guessed that the relatively longer-term and intensive activity of "bathing" might have caused the significant difference between the two groups. The association between glaucomatous status and impaired ADL may also be mediated by vision problems. A previous study showed that reduced visual acuity of individuals with glaucoma may be a stronger determinant of impaired ADL than visual-field loss (Noe et al., 2003) .
In previous studies, disease-specific tools or instruments (i.e., the Glaucoma Symptom Scale, the Glaucoma Quality of Life-15, the Symptom Impact Glaucoma Score, and the Glaucoma Health Perceptions Index) were applied to evaluate the HRQOL in glaucoma patients (Severn et al., 2008) . General instruments were also proved to be useful to assess HRQOL in glaucoma patients (i.e., 36-item short-form survey [Cypel et al., 2004; Gutierrez et al., 1997; Parrish et al., 1997; Wilson et al., 1998) , Medical Outcome Study short-form 20 [Sherwood et al., 1998] , and EQ-5D [Aspinall et al., 2008] ). Because our study used general equipment, EQ-5D, our results can be compared with other diseases' impact on HRQOL.
Our finding suggests that clinical symptoms owing to glaucoma may be the strong determinants of impaired HRQOL and ADL. We adjusted for vision problems in model 3 (Tables 2 and 3) , because this was thought to be the most important risk factor influencing on impaired HRQOL and ADL. The result showed that impaired HRQOL and ADL were mostly attributed to the vision problems. This result is in line with the previous studies, which showed the strong association of glaucoma with reduced visual acuity (Noe et al., 2003; Sherwood et al., 1998) and visual field (Gutierrez et al., 1997) .
Our study has several strengths, including the use of a nationwide population sample that is representative of Koreans. All previous research was based on small samples, local population, or participants visiting medical centres/ hospitals. Such study designs focusing on small and unbalanced samples might induce the selection bias. Selection bias is one of the important factors that have to be controlled in an epidemiology investigation, so our study has the strength in terms of the proper selection of participants. This is one of the few studies based on Asian population data (Nah et al., 2002) . In conclusion, our results confirmed previous findings regarding the relationship between glaucomatous status and impaired HRQOL and ADL. The impaired HRQOL and ADL of glaucoma patients were significantly associated with the problems of all EQ-5D dimensions and the "bathing" problem of ADL dimensions, respectively.
Our study has some obvious limitations. Our study was dependent on the self-reported questionnaire for diagnosing glaucoma, which may lead to an underestimation. Another limitation is that we did not adjust any lifestyle variables surveyed in the "health interview". When adjusting lifestyle variables, only 26 (among 2,833) and 24 (among 1,667) glaucoma patients were available to be analysed for HRQOL and ADL, respectively, which might cause small-sample bias. Thus, we decided not to adjust those variables in this study. Lastly, we could not explain the causality between glaucoma and HRQOL/ADL, because of the cross-sectional study design. If the effects of glaucoma on HRQOL and ADL are verified and well understood, occupational therapists should encourage their glaucoma patients to attend special training to prevent the impaired health status.
